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Novel Candida tropicalis CJ-PID (KCTC 10457BP) and 
Manufacturing Method of Xylitol thereby 

Technical Field 

5 The present invention relates to a novel Candida tropicalia 

CJ-FID and a method for producing xylitol using the same. More 
particularly, the present invention relates to a novel Candida 
tropicalia CJ-FID derived from honey and a method for producing 
high purity xylitol with high yield and productivity, which 

10 includes culturing the Candida tropicalia CJ-FID itself or an 
alginate-immobilized Candida tropicalia CJ-FID in a 
fermentation medium containing high concentration xylose and 
sucrose to obtain a xylitol -containing culture, followed by 
purification with an activated charcoal column and an anion 

15 column, to finally obtain powdery xylitol . 

Background Art 

Xylitol is a sugar alcohol produced by conversion of a 
reducing end group of xylose, which is a five-carbon sugar, to 

20 an alcohol group by hydrogenation, and is found in small 
quantities in natural plants such as fruits, vegetables, and 
mushrooms . Xylitol is also known as an intermediate in mammalian 
carbohydrate metabolism. Xylitol is more stable than other 
sugars because of its chemical structure, has high affinity for 

25 water, and does not undergo a browning reaction. 
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Xylitol has sweetness equal to sucrose but contains a 
low-calorie and does not cause elevation of a blood sugar level 
or tooth decay . In this respect , xylitol has become very popular 
as a sugar substitute (McNutt K. , A. Sentki . 1996. Sugar 

5 replacers : a growing group of sweeteners in the United States . 
Nutr. Today. 31 (6) : 255-261) . Xylitol is absorbed in the human 
intestinal tract by active diffusion. However, since an 
absorption rate is quite slow, xylitol is incompletely absorbed 
by the intestinal tract and excreted out of the body. Absorbed 

10 xylitol is partially broken down by intestinal microorganisms 
and only a small fraction is utilized in the human body. In 
this respect, xylitol falls \ander the category of a low-calorie 
sweetener . 

In particular, since it does not require insulin when being 
15 absorbed into cell tissues , xylitol is used as a sugar substitute 
for diabetic patients. Firrthermore , because of its sweetness 
equivalent to sucrose and its negative heat of dissolution, 
xylitol imparts a cool and fresh sensation in the oral cavity. 
Therefore, xylitol is used in various food industries including 
20 confectionery products and chewing gums. In addition, xylitol 
can prevent cavities by inhibiting the growth of Streptococcua 
mutaziB which is responsible for tooth decay, and thus, is used 
as a material of toothpaste. 

Xylitol is found in vegetables or fruits, but extraction 
25 of xylitol from these sources is uneconomical due to its low 
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concentration. In this respect, the chemical production of 
xylitol has been mainly used. According to the chemical 
production method, xylitol is produced by chemical reduction 
of xylose which is a hydrolysate of hemicellulose present in 

5 woods , ^ice straw, millet , etc . , under high temperature and high 
pressure conditions. However, separation and purification of 
xylose or xylitol from hydrolysates of other polymer sugars 
derived from hemicellulose fractions are difficult and the yield 
of xylose or xylitol is as low as 50-60%. Furthermore, there 

10 ariseproblems suchasariskof hightemperatureandhighpressure 
reaction and waste disposal due to use of acid or alkali. 

There is also known xylitol production using microorganism 
as a biocatalyst for conversion of xylose in a xylose-containing 
medium into xylitol. That is, in microorganism, xylose in a 

15 xylose-containing medium is transported across the cell membrane 
and then is converted to xylitol by NJUDPH coenzyme -dependent 
xylose reductase (XR) . Abundantly accumulated xylitol is 
released from the cells of microorganism. The xylitol 
production using microorganismhas advantages in that separation 

20 of xylitol f romxylose is not required due to complete consumption 
of xylose after fermentation and mild conditions such as room 
temperature and atmospheric pressure are used. However, since 
it is difficult to efficiently and selectively remove byproducts 
such as organic acids and glycerol, medium ingredients, and 

25 substances derived from microorganism, which are generally 
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contained in a f eztnentation medium, purification of high purity 
xylitol is difficult, resulting in low yield. 

Korean Patent Laid-Open Publication No. 10-2001-49918 
discloses a method for producing xylitol from arabitol using 

5 GluconohcLCter oxydans ATCC 621. According to the disclosure 
in the patent document, xylitol is purified from 200 ml of a " 
45 g/L xylitol solution finally produced. However, this 
document does not disclose an accurate purification yield result . 
Furthermore, since xylitol is produced from a low concentration 

10 (50g/L) xylitol solution, high concentration and efficiency 
xylitol production is not ensured, which renders mass production 
difficult. Recently, to solve these problems, many studies of 
separation of a new yeast strain and a xylitol production method 
using the new yeast strain have been done. 

15 

Disclosure of the Invention 

In view of these problems, the present invention provides 
a novel Candida troplcalia CJ-FID. The present invention also 
provides a method for producing high purity xylitol with high 
20 yield and productivity. 

The above and other objects of the present invention can 
be accomplished by embodiments of the present invention as will 
be described hereinafter. 

Therefore, according to an aspect of the present invention, 
25 there is provided a xylitol -producing Candida tropicalia CJ-FID 
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(KCTC 10457BP) . 

According to another aspect of the present invention, there 
is provided an alginate bead prepared by adding Candida 
tropicalis to an aqueous alginic acid solution with stirring 
5 to obtain a uniform solution and dripping the uniform solution 
into a calcium salt . 

According to still another aspect of the present invention, 
there is provided a method for producing xylitol, including 
preparing a xylitol -producing fermentation medium containing 
10 xylose and sucrose, inoculating a Candida tropicalis 
CJ- FID -containing alginate bead onto the fermentation medium, 
and fermenting the fermentation medium in a fermenter. 

The method may further include purifying with an activated 
charcoal column of a xylitol -containing fermentation culture 
15 produced by the fermentation, purifying with an anion column 
of a xylitol solution produced by the purification with the 
activated charcoal column, and preparing a xylitol powder from 
a xylitol solution produced by the purification with the anion 
column . 

20 Hereinafter, the present invention will be described in 

more detail • 

Separation of xylitol -producing yeast strain 
A natural honey sample was taken from a domestic 
25 honey- producing district and appropriately diluted in a 
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sterilized tube. The diluted honey sample was cultured in a 
plate medium containing 200-400g/L of xylose, 5 g/L of a yeast 
extract, 5 g/L of peptone, and 15-20 g/L of agar at 30*D:o obtain 
single colonies formed by yeast strains growing rapidly under 
5 the above growth conditions. 

Identification of xylitol- producing yeast strains 
Among these colonies, yeast strains with excellent sugar 
tolerance and xylitol productivity under the above growth 
10 conditions were selected and their morphological and 
physiological characteristics were analyzed. As a result of 
26S rRNA sequencing, it was found that the yeast strains have 
a nucleotide sequence as set forth in SEQ ID NO: 1. The yeast 
strains were designated as Candida tropicalis CJ-FID and 
15 deposited at Gene Bank of Korea Research Institute of Bioscience 
and Biotechnology (Accession No.: KCTC 10457BP) . 

Evaluation of xylitol productivity 

To evaluate the xylitol productivity of the selected yeast 
20 strains, the selected yeast strains were inoculated onto a 50 
mL seed medium containing 20 g/L of xylose, 5 g/L of yeast extract , 
5 g/L of peptone, and 2 g/L of sucrose, in a 250 mL flask, and 
then shaking culture was performed at 200 rpm and SoTlfor 12 
hours. Then, 5% of the seed culture was inoculated onto a 100 
25 mL main medium containing lOOg/L of xylose , 5 g/L of yeast extract , 



6 



wo 2005/010171 



PCT/KR2004/001172 



5g/L of peptone, and lOg/L of sucrose, in a 500 raL flask, and 
then shaking culture was performed at 150 rpm and SO'Cfor 42 
hours. Culture samples were taken from the resultant culture 
at predetermined intervals and then xylitol production in each 
5 culture sample was determined. 

Xylose and xylitol analysis 

For analysis of xylose and xylitol, the culture samples 
taken in the previous Section were centrifuged at 12,0 00 rpm 

10 to remove cells. Supernatants were analyzed using Refractive 
Index Detector (Shimadzu C-R6A, Japan) for high-performance 
liquid chromatography (HPLC, Shimadzu, Japan) equipped with 
Kromasil 100-10 NH2 column (Denmark) . At this time, a solvent 
was 90% acetonitrile and a flow rate was 2 . 0 mL/min. Yeast cell 

15 density was estimated by measuring an optical density at 600 
nm using a tubidimeter and comparing the value to a previously 
prepared standard curve in which optical density is related to 
cell dry weight. 

20 Immobilization of Candida troplcalis CJ-FID 

To prepare immobilized cells, an alginic acid solution (3%, 
w/v) used in foods was prepared. Then, the same concentration 
of a cell concentrate was added thereto and stirred. The 
resultant solution was dripped into a 100 mM calcium chloride 

25 solution in a bead generator to form alginate beads . The alginate 
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beads thus formed were stored at 4"Cfor 12 hours to increase 
the strength of the alginate beads for subsequent experiments . 

Xylitol fermentation by Candida tropicalls CJ-FID 

5 A fermentation medium containing xylose, 0 . 1-10 g/Lof yeast 

extract, 0.1-10 g/L of peptone, and 0.1-50 g/L of sucrose was 
introduced into a fermenter. Then, the Candida tropicalia 
CJ-FID {KCTC10457BP) itself or the alginate -immobilized Candida 
tropicalis CJ-PID was inoculated onto the fermentation medium 

10 and cultured under aeration at a rate of 0.5-2 wm at 200-300 
rpm and 25-35t:;for 60 to 100 hours. After the fermentation, 
the fermentation culture was centrifuged to remove cells and 
xylitol was recovered from supernatants . 

Preferably, xylose is contained in the fermentation medium 

15 in an amount of 50 to 200 g/L, and more preferably in an amount 
of 80 to 150 g/L. If the content of xylose is less than 50 g/L, 
the yield of xylitol may be lowered. On the other hand, if it 
exceeds 200 g/L, aproductivity enhancement maybe insignificant . 
For productivity enhancement, the fermentation medium may be 

20 supplemented with 0 . 1-5 g/L of potassium phosphate (KH2PO4) and 
0.5-5 g/L of magnesium sulfate (MgS04) . 



Purification of xylitol fermentation culture 
Toproduce high purity xylitol powders from the fermentation 
25 culture obtained in the previous Section, 300 g of an activated 
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Charcoal was packed into a coluinn (60 cm in height x 10 cm in 
diameter) and then the fermentation culture was allowed to pass 
through the column to obtain off-flavored and discolored 
xylitol-containing fractions. The obtained 

5 xylitol-containing fractions were allowed to pass through an 
anion column (60 cm in height x 10 cm in diameter) packed with 
anionic resin to remove impurities. The resultant 
xylitol-containing fractions were analyzed by HPLC . As a result , 
pure xylitol was present in the xylitol-containing fractions. 

10 The xylitol -containing fractions were concentrated to more 

than 800 g/L in a concentrator and crystallized at 4°^ followed 
by addition of an alcoholic ethanol with stirring, to give fine 
xylitol crystals . The xylitol crystals were filtered in vacuum 
to partially remove ethanol and water. Finally, residual 

15 ethanol and water were removed by a vacuum dryer to give xylitol 
powders . 

Brief Descr iption of the Drawings 

PIG. 1 is a graph that illustrates xylitol productivity 
20 with respect to an initial xylose concentration. 

PIG. 2 is a graph that illustrates xylitol productivity 
with respect to an initial cell density. 

FIG. 3 is a graph that illustrates xylitol productivity 
and yield with respect to the density of alginate-immobilized 
25 cells. 
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FIG. 4 is a graph that illustrates xylitol productivity 
and yield with respect to the mass of alginate beads. 

FIG. 5 is a graph that illustrates xylitol productivity 
and yield with respect to seed culture time of yeast cells to 
be immobilized with alginate. 

FIG. 6 is a graph that illustrates xylitol productivity 
and yield with fermentation time of alginate- immobilized yeast 
cells in a 2L fermenter set to optimal fermentation conditions. 

FIG. 7 is a graph that illustrates xylitol productivity 
and yield with fermentation time of alginate- immobilized yeast 
cells in a 17 L fermenter set to optimal fermentation conditions . 

FIG. 8 is a graph that illustrates a change in xylitol 
concentration for xylitol -containing fractions obtained by 
application of a xylitol -containing culture to an activated 
charcoal column . 

FIG. 9 is a graph that illustrates a change in xylitol 
concentration for the xylitol -containing fractions obtained by 
application of the fractions of FIG. 8 to an anion column. 

FIG. 10 is a high-performance liquid chromatogram (HPLC) 
for the fractions of FIG. 9. 

FIG. 11 is a graph that illustrates xylitol crystallization 
yield of the fractions of FIG. 9 concentrated to different 
concentrations . 
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Best mode for carrying out the Invention 

Hereinafter, the present invention will be described more 
specifically by Examples. However, the following Examples are 
provided only for illustrations and thus the present invention 
5 is not limited to or by them. 

[Example 1] Xylitol productivity with respect to initial 
xylose concentration 

After performing a seed culture as described above, the 

10 seed culture was inoculated onto a 10 L xylitol -producing main 
medium containing 0.5 g/L of yeast extract, 5 g/L of peptone, 
10-30 g/L of sucrose, and 100-300 g/L of xylose, and cultured 
in a 15 L f ermenter (Korea Fermentation Co. , Ltd. ) . Fermentation 
conditions were as follows: stirring speed of 250 rpm, aeration 

15 flow speed of 1.0 wm, culture temperature of 30*0 Xylitol 
productivity with respect to initial xylose concentration was 
measured and the results are shown in FIG. 1. 

As showninFIG. 1, the maximumxylitol production was 187g/L. 
At this time, the production yield of xylitol was excellent by 

20 93.5%. It can be seen that addition of sucrose increased the 
yield of xylitol. 

[Example 2] Xylitol productivity with respect to initial 
cell density 

25 After performing a seed culture as described above, the 
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seed culture was inoculated onto a 10 L xylitol -producing main 
medium containing 5 g/L of yeast extract, 5 g/L of peptone, 10 
g/L of sucrose, and 100 g/L of xylose, and cultured in a 15 L 
fermenter (Korea Peirmentation Co., Ltd.). Fermentation 

5 conditions were as follows: stirring speed of 250 rpm, aeration 
flow speed of 1 . 0 wm, and culture temperature of 3 0*C. Xylitol 
productivity with respect to initial cell density was measured 
and the results are shown in PIG. 2. 

As shown in FIG. 2, the maximum xylitol production was 132 

10 g/L. At this time, the ratio of xylitol produced to xylose used 
was excellent by 98%. However, it can be seen that use of high 
concentration xylose retarded the production speed of xylitol. 

[Example 3] Sugar tolerance test for conventional 
15 xylitol -producing strains and Candida tropicalis CJ-FID (KCTC 
10457BP) 

The candidai tropicalis CJ-FID according to the present 
invention and conventional xylitol -producing strains were 
evaluated for sugar tolerance and the evaluation results are 
20 presented in Table 1 below. 
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Table 1: Results of sugar tolerance test for xylitol -producing 

yeast strains 



Yeast strain 


Xylose concentration (q/L) 




100 


200 300 


400 


Candida tropicalis KCTC 7101 


+++ 


+++ 


+ 




Deharyomyces hanseni KCTC 7128 


+++ 






- 


Candida tropicalis KCTC 7212 


+++ 


+++ 






Candida parapsilosi 8 KCTC 7653 


+++ 


+++ 






Candida tropicalis KCTC 7725 


+++ 


+++ 


+ 




Candida tropicalis KCTC 7901 


+++ 


+++ 






Candida sp, KCTC 17 041 


+++ 


4.4.4. 






Candida sheha ta KCCM 11895 


+++ 


4.4.4. 


+ 




Candida ffuilliermondii KCCM 
50050 


+++ 


+++ 






Candida tropicalis KCCM 50091 


+++ 


+++ 






Candida mogrii KCCM 50199 


+++ 


+++ 






Candida guillieinnondii KCCM 
50631 


+++ 


+++ 






Candida utilis KCCM 50667 


+++ 


+++ 






Candida tropicalis CJ-FID KCTC 
10457BP 


+++ 


+++ 


++ 


+ 



(+++ : excellent growth, ++ : good growth, + : slight growth. 



- : no growth ) 



As can be seen from Table 1, the Candida tropicalis CJ-FID 
(KCTC 10457BP) of the present invention exhibited excellent 
xylose tolerance, as compared to currently known yeast strains . 
This means that the Candida tropicalis CJ-FID (KCTC 10457BP) 
of the present invention can produce xylitol in large scale in 
a high- concentration xylose -containing medium. 



[Example 4] Evaluation of xylitol productivity with respect 
to density of alginate -immobilized cells 

To evaluate xylitol productivity with respect to the density 
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Of alginate bead-entrapped Candida trpplcalisCJ-PID yeast cells, 
after performing a seed culture as described above, alginate 
beads were prepared by mixing an alginate solution with the seed 
culture with varying the cell density (10 to 100 (OD value) ) . 

5 Then, the alginate beads were inoculated onto 10 L 
xylitol -producing main media containing 5 g/L of yeast extract, 
5 g/L' of peptone, and 100 g/L of xylose, and cultured in a 15 
L fermenter (Korea Fermentation Co., Ltd.). Fermentation 
conditions were as follows: stirring speed of 250 rpm, aeration 

10 flow speed of 1.0 wm, culture teitperature of 30X2. Xylitol 
productivity with respect to initial cell density was measured 
and the results are shown in PIG. 3. 

As shown in FIG. 3, when the cell density was 10 to 20 (OD 
value) , xylitol productivity was about 0.5g/L.H. At the cell 

15 density of more than 50 (OD value) , xylitol productivity was 
more than 1.25g/L.H. At the cell density of 100 (OD value), 
xylitol productivity was maximal as 1.65g/L.H. 

[Examp le 5] Evaluationof xylitol productivitywith respect 
20 to mass of alginate beads 

Alginate beads prepared in the same manner as in Example 
4 were inoculated with varying mass (2.5 to 50 g) onto 
xylitol -producing fermentation media in a 2 L fermenter and 
cultured under the same fermentation conditions as in Example 
25 4. Xylitol productivity with respect to mass of the alginate 
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beads was measured and the results are shovm in PIG. 4. 

As shown in FIG. 4, xylitol productivity was maintained 
constant regardless of change in mass of the alginate beads. 

5 [Example 6] Evaluationof xylitol productivity with respect 

to seed culture time 

To evaluate xylitol productivity with respect to seed 
culture time of seed culture cells used for preparation of 
alginate beads, yeast strains were cultured in seed media with 

10 varying the culture time (12 to 60 hours) and then fermentation 
was performed under the same fermentation conditions as in 
Example 4. Xylitol productivity with respect to seed culture 
time was measured and the results are shown in FIG. 5. 

As shown in FIG. 5, xylitol productivity was maintained 

15 constant regardless of seed culture time. However, the yeast 
strains that had been seed- cultured for 24 hours exhibited the 
highest xylitol productivity. . 

[Example 7] Evaluation of xylitol productivity and yield 
20 with respect to repetitive use of immobilized cells 

Alginate bead- immobilized Candida, tropicalis CJ-FID cells 
were prepared and fermented in the same manner as in Example 
4 except that the alginate beads were used repetitively (once 
to five times) . Xylitol productivity and yields of the alginate 
25 bead- immobilized Candida tropicalis CJ-FID cells were evaluated 
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by con5)aring with those of currently known alginate 
bead- immobilized Candida guilliermondii FTI 20037, and the 
results are presented in Table 2 below. 



Table 2: Xylitol productivity and yields with respect to 
repetitive use of immobilized yeast cells 



Strain 


Section 


Repetitive number 


1 


2 


3 


4 


5 


Candida, 
tropical is 
CJ-PID (KCTC 

10457BP) 


Productivity 

(g/L-H) 


3.31 


2.95 


3.04 


3.11 


2.99 


Yield (%) 


89.5 


92 .3 


88.6 


90.4 


90.6 


Candida 
guilli eirmondi i 
FTI 20037 


Productivity 
(g/L.H) 


0.5 


0.59 


0.6 


0.6 


0.58 


Yield (%) 


53 .2 


59.5 


62.6 


62 .4 


61.4 



As shown in Table 2, even when the immobilized cells were 
used five times, no reduction of xylitol productivity and yields 
was observed. In particular, the Candida tropicalia CJ-PID 
cells exhibited a five-fold increase for xylitol productivity 
and a more than 45% increase for xylitol yield, as compared to 
the Candida guilliermondii FTI 20037 cells. 

[Example 8] Xylitol productivity with respect to 
fermentation time 

Alginate bead-immobilized Cemdida tropicalia CJ-FID cells 
were prepared and fermented in 2 L and 17 L f ermenters in the 
same manner as in Example 4 . Xylitol productivity was measured 
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by varying the fermentation time and the results are shown in 
PIGS. 6 and 7. 

As shown in FIGS, 6 and 7, xylitol concentration was 
increased from 6 hours of the fermentation. With respect to 
5 the fermentation in the 2L fermenter (FIG. 6) , xylitol 
productivity was maximal at 24 hours of the fermentation. With 
respect to the fermentation in the 17 L fermenter, xylitol 
productivity was maximal at 36 hours of the fermentation. 

10 [Example 9] Purification of xylitol fermentation culture 

Fractions of a xylitol fermentation culture that had passed 
through an activated charcoal column and an anion column were 
measured 'for xylitol concentrations. The results are shown in 
FIGS. 8 and 9. The fractions of FIG. 9 were analyzed by 

15 high-performance liquid chromatography (HPLC) and the results 
are shown in FIG. 10 . The fractions of FIG. 9 were concentrated 
to different concentrations and then xylitol crystallization 
yields with respect to the concentrations were measured. The 
results are shown in FIG. 11. 

20 According to purification results using the activated 

charcoal column as shown in FIG. 8, a fraction 4 exhibited the 
highest xylitol concentration. According to purification 
results using the activated charcoal column and the anion column 
as shown in FIG. 9, fractions 3 through 5 exhibited the highest 

25 xylitol concentration. From the chromatogram of FIG. 10, it 
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can be seen that the fractions that had passed through the 
activated charcoal column and the anion column contained highly 
purified xylitol. The purified xylitol solutions were 
crystallized to different concentrations . As the concentration 
of the xylitol solutions increased, the xylitol crystallization 
yield increased proportionally. 



[Example 10] Xylitol concentration and yield according to 
xylitol fermentation and purification 

Xylitol concentrations and yields measured after the 
fermentation and the purification are summarized in Table 3 
below. 



Tables ; Purif icationyields according to purification processes 
of xylitol fermentation culture 



Section 


Xylitol 
concentration (g/L) 


Yield {%) 


Xylitol fermentation 

culture 
(300 g/L) 


270 


90 


Activated charcoal 
column 


270 


90 


Anion column 


262 


87.3 


Concentration 


257 


84 .7 


Crystallization 


244 


80.4 


Powder formation 


230 


76.4 


Final purification yield 


77.4 



As shown in Table 3, the final yield of xylitol after 
fermentation and purif ication was as high as 77 .4% and very little 
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xylitol loss during each purification process was observed. 

Industrial Applicability 

As apparent from the above description, the novel Candida 
5 troplcalis CJ-FID (KCTC 10457BP) of the present invention and 
a xylitol production method using the same can produce highly 
pure xylitol with high yield and productivity under optimized 
culture condition and medium composition. 

While the present invention has been particularly shown 
10 and described with reference to exemplary embodiments and 
experimental examples thereof, it will be understood by those 
of ordinary skill in the art that various changes in form and 
details may be made therein without departing from the spirit 
and scope of the present invention as defined by the following 
15 claims . 
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